The blacklegged tick, Ixodes scapularis Say, is the primary Lyme disease vector in the eastern United States. Both immature stages of I. scapularis take blood meals from mice belonging to the genus Peromyscus. Mice are active during the night and spend the majority of diel periods in nests. Thus, immature I. scapularis have a greater opportunity to drop from Peromyscus hosts while in nests compared with the forest floor. Here, we collected 11 Peromyscus nests during a 3-mo period during which the immature I. scapularis are known to be active. We then examined nesting materials for the presence of I. scapularis. Immature I. scapularis were detected in 64% of Peromyscus nests examined. Additionally, 55% of the nests contained at least one Dermacentor variabilis Say larva. Eighty-seven percent of all larval ticks found within nests were blood-fed. Because Peromyscus spp. are highly competent reservoirs of numerous tick-borne pathogens, the ticks that detach in their nests may be important for the maintenance of tick-borne diseases. However, further studies are needed to determine the fate of the I. scapularis that detach in Peromyscus nests.
The blacklegged tick, Ixodes scapularis Say, is responsible for transmission of Borrelia burgdorferi (Spirochaetales: Spirochaetaceae) and other tick-borne pathogens to humans. The three active life stages of I. scapularis require a bloodmeal from hosts such as Peromyscus spp., and host-seeking patterns of I. scapularis have been studied extensively (Schulze and Jordan 2003, Berger et al. 2014 ). However, after finding a host and feeding to repletion, little is known about spatial-temporal detachment patterns of I. scapularis. Several laboratory studies suggest that detachment may occur predominantly in the nest. Mather and Spielman (1986) observed that over 90% of I. scapularis larvae detach from Peromyscus during diurnal periods, when mice were resting in nests. Matuschka et al. (1991) compared the proportion of immature I. scapularis that detached from Peromyscus in nesting chambers versus outside of nesting chambers and found that more than 80% of larval I. scapularis detached while hosts were in nesting chambers. However, no field studies have examined whether I. scapularis can be found in naturally occurring mouse nests. Here we describe the use of radio telemetry to locate the nests of Peromyscus spp. and the results of examination of nesting materials for the presence of I. scapularis. We present the number of I. scapularis and American dog ticks, Dermacenter variabilis Say, found in each nest and collected from the mice associated with the nest.
Materials and Methods

Trapping
Trapping was conducted at the Chequamegon National Forest (Taylor County, WI) using Sherman Live Traps (Tallahassee, FL) monthly from May to August of 2018. Trapping was conducted over a three-night trap week. Traps were prebaited with peanut butter on the first night. All trapping and radio telemetry was conducted in accordance with Institutional Animal Care and Use Committee Journal of Medical Entomology, 57(1), 2020, 304-307 doi: 10.1093/jme/tjz133 Advance Access Publication Date: 14 August 2019 Short Communication protocol (AA005400) approved by University of Wisconsin-Madison. The head and ear region of trapped Peromyscus spp. was checked and all ticks were removed. Trapped Peromyscus spp. were then anesthetized with isoflurane before they were tagged with a unique identification number and ear biopsied using a 2-mm disposable biopsy punch (Miltex Inc., York, PA). All ticks and ear biopsies were stored immediately in 70% ethanol.
DNA Extraction and PCR Identification of Peromyscus spp.
Each ear biopsy was bisected using a separate sterile 18-gauge Needle (Becton, Dickinson and Company, Franklin Lakes, NJ). DNA was isolated from biopsies using the ISOLATE II Genomic DNA Kit (Meridian Life Sciences, Memphis, TN) following the manufacturer's protocol. Extracted DNA was stored at −20°C prior to use. Because both the white-footed mouse, Peromyscus leucopus Rafinesque, and the woodland deer mouse, Peromyscus maniculatus gracilis Wagner were present at the study site and are difficult to distinguish morphologically, Peromyscus spp. were differentiated using multiplex primers targeting the cytochrome oxidase subunit III (COIII) as described by Tessier et al. (2004) and Larson et al. (2018) .
Radio Telemetry
Adult mice weighing at least 16 g were fitted with a 0.55 g VHF collar (M1450 Miniature Mammal Collar, Advanced Telemetry Systems, Isanti, MN). Radio telemetry was used to locate each mouse once daily during diurnal periods. Each mouse was tracked during a 1-to 5-d observation period. At completion of tracking sessions, six Sherman live traps were deployed near the nesting site to recapture the animal and remove the collar. Nesting materials were collected on the last day of each tracking session from all nest locations that could be accessed without causing harm to living trees. Nests located in standing dead trees were accessed with a handsaw. All visible nesting materials were collected by hand and stored at −20°C until ready for processing.
Sorting Nest Materials
Nesting materials were placed in a 2-liter glass container before it was filled with 70% ethanol, whereupon it was stirred briefly and any debris that floated to the top was removed. Remaining material was sieved (212 µm) and ethanol was allowed to evaporate overnight before being examined under a dissecting scope to detect ticks. All ticks were identified using keys established by Clifford et al. (1961) .
Results
We located 28 nests in living trees, coarse woody debris, and dead trees that were used by 10 Peromyscus. No nests were located in underground burrows but one was in the roots of a maple tree. Individual mice used one to five nests during the 5-d observation period. Similarly, the number of days each nest was used varied (Table 1) . Nesting material was extracted from 11 of the 28 nests. Seventeen nests could not be collected due to either the height of the nest location or the nest site could not be accessed without damaging living trees. We were able to extract nine nests used by nine individual mice along with two nests used by one P. leucopus (Table 1) . Seven of the 11 (64%) nests analyzed were used by P. maniculatus and four (36%) were used by P. leucopus (Table 1) . Wood chips were often used as a bedding material for nests found in standing dead trees that were in an advanced stage of decay, whereas moss, leaves, or grass were found in nests located in living trees or trees that recently died.
In total, 69 ticks were collected from nests. One nymphal tick was damaged and could not be identified to species; all other ticks were identified as either I. scapularis or D. variabilis. Ixodes scapularis larvae and nymphs were found in 64 and 18% nests examined, respectively ( Table 1) . Six of the 11 (55%) nests examined contained at least one D. variabilis larva; no nymphal D. variabilis were found. Engorgement status could not be determined for eight I. scapularis larvae, one D. variabilis larva, and four out of the five nymphal I. scapularis specimens, because they were damaged. Excluding damaged ticks, 85% (35/41) of I. scapularis and 92% (12/13) of D. variabilis were classified as blood-fed (data not shown).
We also present the number of ticks collected from animals at the time of collaring. Eight of 10 mice examined were infested with at least one I. scapularis larva. Dermacentor variabilis larvae were collected from 50% of the mice examined. Two nymphal I. scapularis were collected from a P. leucopus. No other mice were infested with nymphs (Table 1 ).
Discussion
We found 69 ticks in 82% of Peromyscus nests examined; this is likely an underrepresentation of the actual number of ticks that detach in nests. Burtis (2017) compared sorting methods to recover immature I. scapularis larvae from mesocosms containing a known number of ticks and recovered less than 25% of larvae by hand sorting. The finding of blood-fed larval ticks in Peromyscus nests may have significant implications for the ecology of tick-borne diseases. There are three possible scenarios for the fate of larval I. scapularis that blood-feed and detach in Peromyscus nests. First, the larvae may exit the nest via crawling or phoresy and return to the leaf litter. Second, nests may be inhospitable for long-term survival of immature ticks. Ticks that remain in the nest may be vulnerable to grooming damage or ingestion by the hosts or to predation by other nest-inhabiting invertebrates. Third, engorged larval ticks may detach, molt, and find new hosts in nests. Engorged blacklegged ticks were found in nests in May and June but we did not find flat nymphs or adults (expected if engorged stages molted) in nests examined in July or August. This may be an artifact of the small sample size or of the collection method, which would have missed ticks hiding in cracks and crevices within the nesting cavity. Conversely, the lack of flat nymphs (or adults) in nests in July and August may indicate that intranest mortality occurs or that these ticks are exiting this environment. We did detect nymphs in nests in June that could have resulted from the molt of engorged larvae found in May, but the nymphs were damaged and so their engorgement status could not be ascertained.
We found larval blacklegged ticks in the single nest observed in August, suggesting the possibility of overwintering by engorged larvae or by the resulting flat nymphs in nests. Compared with ticks that detach in the leaf litter, ticks that overwinter in nests could have improved survival by being better protected from desiccation, extreme temperatures, freeze-thaw cycles, and spring runoff. Overwintering in the nest also may increase the probability of finding another mouse host following spring and nymphal feeding could result in early transmission of pathogens to competent reservoirs. Examination of more nests in spring and late summer/fall will be needed to assess whether overwintering occurs.
We found that mice often use multiple nests and also vary in how frequently they return to the same nests. The use of multiple nests has been previously described (Jackson and DeFoliart 1975, Wolff and Hurbutt 1982) and nest selection may play a role in the dispersion of ticks in mice nests. Nests that are occupied more frequently or by multiple mice would be expected to contain more ticks. Another important aspect of potential mouse-tick interactions in nests is the probability that nests are occupied by mice in consecutive years. Assuming that ticks remain in nests after detachment, interannual occupation of nests by mice could increase the likelihood of overwintering ticks finding a Peromyscus host and transmitting tick-borne pathogens.
Our findings also suggest that it may be possible to use nest boxes for the surveillance of I. scapularis. Ixodes dentatus Marx (Acari: Ixodidae) and D. variabilis were previously collected using modified nest boxes (Drummond 1957, Jackson and DeFoliart 1975) . Similar methods may work for the collection of immature bloodfed I. scapularis and could improve several limitations of our study design. In the present study, only a limited number of Peromyscus nests that we located were accessible for collection of nesting material. Additionally, the sorting of nest materials is time intensive due to the amount of material collected from a single nest, with up to 40 h required to process a single nest. The use of nest boxes may improve the efficiency of retrieving nesting material. Nest boxes can be modified with a funnel and wire mesh to direct detaching ticks into a collection jar, while screening nesting materials (see Drummond 1957) . Mice will also use plastic nest boxes which could provide a more cost effective and easier-to-construct alternative to wooden nest boxes (Catall et al. 2011 ). Finally, nest boxes could be used in conjunction with camera traps or Thermochron data loggers (see Orrock and Connolly 2016) to assess the frequency and timing of nest occupation (Bruseo and Barry 1995) .
In conclusion, Peromyscus nests represent an understudied habitat of I. scapularis. Tietjen et al. (2019) suggested that the absence of questing immature I. scapularis in the southeastern United States might be explained by the ticks dwelling in host nests. Here we present findings that I. scapularis in the Upper Midwest detach in mice nests which could be a cryptic habitat. Further studies are needed to determine the fate and ecological importance of ticks that detach in Peromyscus nests.
